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Abstract 
We report micromagnetic simulation of spin transfer torque (STT) switching of a thin elliptical disc made of full-Heusler 
Co2FeAl0.5Si0.5 alloy. The STT results in switching the direction of initial magnetization of the disc to a new state based on the 
spin-polarization factor (ό) of the material and magnitude of current density (J) applied. The value of J required for 
magnetization switching need to be reduced in the order of 106 A/cm2. In our simulation we obtained 3 × 105 A/cm2 as the critical 
current density (Jc) required for complete magnetization switching of the disc. We analyzed the effect of ό on magnetization 
switching time by reducing the value of ό by 0.10 from the actual value of 0.76. The decrement in ό results in the increment of 
time taken to switch the direction of magnetization. The change in switching time for variable disc thickness was also studied. 
This simulation result holds a key factor in the study of STT switching in spin-valve nanopillar. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Department of Physics, Indian Institute of Technology Guwahati. 
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1. Introduction 
A spin-polarized current injected into a ferromagnetic thin film resulting in a spin transfer torque (STT) switching 
[1, 2] has wider application in spin-transfer torque random access memory (STT-RAM) [3]. STT-RAM has some 
key attributes like non-volatility, infinite endurance, fast read and write access time, and low voltage consumption 
[4, 5]. A spin-valve is the spintronic device in an STT-RAM. A spin-valve consists of three layers namely; a top 
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ferromagnetic layer, the free layer (FL) which is separated from the bottom ferromagnetic pinned layer (PL) by a 
nonmagnetic conductor layer. A current perpendicular to the structure flowing from PL gets spin-polarized. This 
spin-polarized current in turn, exerts a spin transfer torque (STT) on the FL’s magnetization. Based on the relative 
orientation of FL magnetization to that of PL’s, the STT either stabilizes or switches the direction of magnetization 
of FL [6, 7]. The magnitude of the current density (J) required for switching the direction of magnetization is very 
high, in the order of 107 A/cm2 [8, 9]. Researchers are working on measures to reduce this current in the order of 106 
A/cm2 to make this spintronic device compatible with the MOS technology.  
We understand that the spin-polarization factor (ό) is one of the important factors in deciding the value of the 
current. The FL material with higher percentage of ό provides higher value of spin-polarized electrons, resulting in 
faster switching of FL. The full-Heusler Co2FeAl0.5Si0.5 alloy with higher percentage of ό has faster switching of FL 
[10]. Use of micromagnetic simulation to investigate the effect of STT was proposed by Zhang and Li [11, 12]. In 
this work, we study the effect of STT on an elliptical disc using micromagnetic simulation considering one-step 
switching and find the value of Jc required for FL magnetization switching when applying a spin-polarized current 
perpendicular to the plane. The effect of reduction in ό on the FL switching time is also analyzed. The FL thickness 
holds a good value in defining the switching time (tsw). We also study the effect of FL thickness on tsw with a 
constant value of J. 
2. The system 
We consider an elliptical disc of dimension 190 nm × 2.5 nm × 250 nm as shown in Fig.1. The elliptical disc is 
placed in the z-x plane with easy axis along the z plane. The magnetic parameters of full-Heusler Co2FeAl0.5Si0.5 
alloy are adopted as follows: saturation magnetization Ms = 9.0 × 105 A/m, exchange stiffness constant A = 2.0 × 10-
11 J/m, magnetocrystalline anisotropy constant K1 = -1.0 × 105 J/m3, Gilbert damping constant Į = 0.01 and spin 
polarization factor ό = 0.76 [13, 14, 15]. The micromagnetic simulation is based on Landau-Lifshitz-Gilbert (LLG) 
equation with the additional spin transfer torque term included [16, 17]. The FL magnetization can switch between 
the two possible stable states either along the positive or negative z-axis. The angle between the magnetization of FL 
and PL is ș which holds two values ș = 0Û and ș = 180Û with the former one having parallel magnetization between 
FL and PL and the later one having antiparallel magnetization [18]. We consider the initial magnetization of FL to 
be along the positive z-axis and the external field (Hext) applied is assumed to be zero for all our simulation. Also we 
consider the system geometry to be uni-axial anisotropy. The spin-polarized electrons which emerge from the PL is 
assumed as positive direction for current, which further passes through the nonmagnetic layer and enters the FL. 
Here, we investigate the time evolution of FL magnetization using the micromagnetic simulation.     
 
 
 
Fig. 1. The proposed elliptical disc of dimension 190 × 2.5 × 250 nm3. 
3. Results and discussion 
3.1. Effect of  current densities on switching time 
The micromagnetic simulation of FL magnetization switching was done for different current densities (J), for the 
structure shown in Fig1. The 3-D plot of the FL magnetization switching is shown in Fig. 2, when we applying a J 
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of 3 × 105 A/cm2 completely switch of FL magnetization from +z axis to –z axis occurs. The x and y component of 
FL magnetization precesses, which finally get damped along zero axis. Fig. 3 shows the evolution of FL 
magnetization mx, my and mz when the current density is of 3 × 105 A/cm2. We also understand that, by increasing 
the value of J the switching time of FL get reduces further. 
 
  
Fig. 2. 3-D plot of the FL magnetization, when applying a J of 3 × 105 A/cm2.  
 
Fig. 3. The evolution of FL magnetization mx, my and mz when the J is 3 × 105 A/cm2. We observe that the FL magnetization switches. 
 
Table 1 gives a comparative study of J with that of FL switching time for two different value of ό (0.76 and 
0.66). From the results obtained it is very clear that the J in the range of 3 × 105 A/cm2 < J < 5 × 105 A/cm2 the FL 
tsw is between 100 ns to 50 ns. In the range of 1× 106 A/cm2 < J < 5 × 106 A/cm2, the FL tsw get a drastic reduction 
form 20 ns to 4 ns. On further increasing the J to 10 × 106 A/cm2 the tsw is only 2 ns.  
Table 1.Current density Vs switching time for ό = 0.76 and ό = 0.66. 
Current density (J) in A/cm2 FL switching time 
(ns) for ό = 0.76 
FL switching time 
(ns) for ό = 0.66 
3 × 105 105.16 146.72 
4 × 105 64.08 80.14 
5 × 105 46.94 56.88 
1 × 106 20.64 24.15 
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2 × 106 9.8 11.4 
3 × 106 6.47 7.48 
4 × 106 4.82 5.57 
5 × 106 3.8 4.43 
10 × 106 1.91 2.2 
 
3.2. Effect of spin-polarization factor on switching time 
The effect of ό on FL tsw is clearly given in Table 1. For J of 3 × 105 A/cm2 if the ό value increases from 0.66 to 
0.76 there is a 28.32% increment in tsw. In case of 3 × 106 A/cm2 there is 13.5% decrement in tsw. The FL structure 
with higher value of ό takes smaller value of tsw as shown in Fig. 4. The magnetization switching of FL hardly 
depends on the value of ό. 
 
 
Fig. 4. Variable J Vs tsw for ό = 0.66 and 0.76. 
 
 
 
Fig. 5. The evolution of FL magnetization mz for variable FL thickness. 
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3.3. Effect of thickness on switching time 
Fig. 5 shows the effect of FL thickness on tsw. The simulation is performed for different thickness of FL with a 
constant J of 1 × 107 A/cm2. Table 2 gives a comparison of FL thickness to that of tsw. With a decrement of FL 
thickness from 10 nm to 2.5 nm the decrease in % of tsw is 81.34%. If the thickness of FL decreases the amount of 
spin-polarized electrons required to exert STT on the magnetization of FL get decreases which results in decrease of 
tsw. 
Table 2.FL thickness Vs switching time. 
FL thickness (nm) FL switching time 
(ns) for ό = 0.76 
2.5 1.91 
3.0 2.29 
3.5 2.68 
4.0 3.07 
4.5 3.45 
5.0 3.84 
6.0 4.62 
7.0 5.41 
8.0 10.7 
 
4. Conclusion 
For elliptic disc made of full-Heusler Co2FeAl0.5Si0.5 alloy we achieved a critical current density of 3 × 105 
A/cm2. The precession along the x and y component damped along the zero axis during complete switching of FL 
magnetization. The results show that on further increasing the value of J in the order of 106 A/cm2 results in faster 
switching of FL magnetization. The switching time of FL is decreased due to increase of spin-polarization factor. 
With a decrease in FL thickness both current density and switching time improves. From the results it is very clear 
that both spin-polarization factor and FL thickness holds a good factor in deciding the value of FL switching time.  
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